Background: The number of workers in non-standard employment (NSE) is increasing due to industrial change and technological development. Dependent self-employment (DSE), a type of NSE, was created decades ago. Despite the problems associated with this new type of employment, few studies have been conducted on the effects by DSE on health, especially sleep quality. This study aims to determine the relationship between DSE and sleep quality. Methods: This study analyzed data of 50,250 wage workers from the fifth Korean Working Conditions Survey. Workers that did not respond or refused to answer any questions related to variables were excluded, and finally 36,709 participants were included in this study. A total of 2,287 workers (6.2%) were compared with non-DSE (34,422; 93.8%) workers, and multiple logistic regression analyses were applied. Results: DSE status had a significant association with difficulty falling asleep (odds ratio [OR]: 1.331, 95% confidence interval [CI]: 1.178-1.504), difficulty maintaining sleep (OR: 1.279; 95% CI: 1.125-1.455), and extreme fatigue after waking up (OR: 1.331; 95% CI: 1.184-1.496). A multiple logistic regression of the variables for sleep quality in DSE showed a significant association with exposure to physical factors for all types of poor sleep quality as well as shift work for difficulty maintaining sleep with extreme fatigue after waking up. Long working hours and emotional labor were also associated with extreme fatigue after waking up. Conclusions: This study shows a significant association between DSE and poor sleep quality, especially when workers were exposed to physical risk factors (noise, vibration, abnormal temperature, etc.) and shift work. 
The growth of NSE workers causes various work-related insecurities. Employment insecurity is one of the problems of NSE because workers can't reach to similar level of wages compare to those earned by standard work. NSE workers usually challenge to select one of 3 options to compensate for their lower wage; 1) long working hours or extra work, 2) multiple jobs, 3) taking irregular, unpredictable, and atypical work schedules [1] . These types of work can cause more occupational risks in general. In shipping industries, for example, workers are exposed to dangerous work environment with long working hours and tight schedules, which leads them to have a high chance of injuries [3] . Poor mental health is another issue of workers in NSE. Workers in NSE in the Republic of Korea expressed their experience of depressive mood and thoughts of suicide at work, and it is more frequent in women [4] . Among the 4 types of NSE, DSE is defined as a work of performing services under a civil or commercial contract receiving incomes and instructions from a single or multiple clients. Workers in DSE are usually out of the regulations of labor law or social security, but the number of DSE workers is increasing due to changes in business, technological development, and the increased demand for employment from firms [1] . According to the European Working Conditions Survey (EWCS) in 2015, 47% of participants who answered that they were "self-employed" were actually workers in DSE [5] .
Workers in NSE is vulnerable due to unstable employment and poor working environments [3] . NSE status is associated with cardiovascular disease including hypertension [6] , arthritis, and depression with suicidal ideation [7] . DSE, one of the new type of employment, has increased and widely spread in labor market along with changing the industrial structure [8] . Most studies on trends in DSE have focused on employment insecurity, or basic idea threatening occupational safety and health (OSH). However, there has been only a few studies for OSH of DSE status, especially for sleep quality. Therefore, it is important to study the sleep quality as it is the cornerstone of mental health in workers. This study aims to determine the relationship between DSE and sleep quality as well as the characteristics of DSE in the Republic of Korea.
METHODS

Data source
The Occupational Safety and Health Research Institute (OSHRI) has conducted the Korean Working Conditions Survey (KWCS) based on the EWCS since 2006. Workers aged 15 years or more, the legally eligible age for work in Korea, participated in the survey through interviews [9] . The participants were randomly selected to represent the Korean working population. The survey contains questions on working conditions such as employment status, occupational classification, type of work, working hours, hazard exposure, and health effects [10] . The KWCS data is open data to general users and researchers, so raw data is available via proposal on the website of resources at OSHRI (http://www.kosha.or.kr/eoshri/ resources/KWCSDownload.do).
Study participants
The fifth KWCS in 2017, included a total of 50,250 workers. Among the participants, wage workers were selected since workers in DSE were classified as wage workers according to the KWCS. Self-employed workers with or without employees, unpaid family workers, or those that did not respond were excluded. Additionally, workers who refused to answer questions about DSE or questions of sleep quality. The cases of missing confounders were also excluded.
Among the 50,250 participants, 12,869 self-employed workers with or without an employee, unpaid family workers, and non-responders to the question were excluded. Then, workers who refused to answer the question on DSE (n = 35) and sleep quality (n = 11) were excluded as well. Missing information of confounders (n = 581) were also excluded. Finally, 36,709 participants were included in this study (Fig. 1) .
Variables
The DSE worker was defined by the following question: "Do you have a job providing goods or services in person, or a job where income is related to the amount of work (depending on your job performance)? Examples: insurance agents, personal tutors, delivery men, golf club caddies, concrete mixer truck drivers, etc." Survey participants might choose the answer as follows: "yes," "no," "no comments," or "denial." DSE workers were defined participants who answered "yes."
The question about sleep quality consisted of the following; 1) difficulty falling asleep, 2) difficulty maintaining sleep, and 3) extreme fatigue after waking up. The answers included "every day," "several time a week," "several times a month," "rarely," "none," "no comments," or "denial." The workers were considered to have poor sleep quality for each part if there were disturbances several times in a month at least. No response or refusal to answer questions about dependent self-employment were excluded (n = ) Total number of the fifth KWCS study participants (n = , )
All participants other than employees were excluded -Self-employed workers with/without employee, unpaid family workers, no response/answer refuse (n = , )
No response or refusal to answer questions about sleep quality were excluded (n = )
No response or refusal to answer questions about confounders were excluded (n = ) 50-59, and greater or equal to 60 groups. Monthly income was classified as less than 2 million Korean Won (KRW), 2 million to less than 3 million KRW, 3 million to less than 4 million KRW, and greater or equal to 4 million KRW. The occupational factors included job categorization, working hours per week, and shift work. The job categorization consisted of 3 groups: whitecollar, yellow-collar, and blue-collar workers. Managers, professionals and related workers, and office workers were classified as white-collar workers. Yellow-collar workers were defined in the job of service and sales, while skilled agricultural, forestry and fishery workers, technicians and related workers, equipment and machinery operators, and assembly workers were classified as blue-collar workers. The working hours per week was divided into 2 groups based on a cut off value of 52 hours per week, which represents 30% exceed of legal working hours as 40 hours. Exposure to physical factor and emotional labor was classified as hazardous factors. Exposure to physical factors was defined as exposure to at least one of the following for more than a quarter of the working hours: vibration, noise, high temperature, and low temperature. Emotional labor was defined as workers dealing with customers, passengers, students, or patients with anger for more than a quarter of working hours.
Statistical analysis
A χ 2 test was performed to compare the characteristics of DSE according to sleep quality. A multiple logistic regression analysis was performed to analyze the relationship between DSE and sleep quality, and other logistic regression analyses were performed with the other variables of general, occupational, and hazardous factors for sleep quality in DSE to investigate the relative risk of other variables. All statistical analyses were performed using SPSS version 23.0 (SPSS Inc., Chicago, IL, USA).
Ethics statement
This study was approved by the Institutional Review Board (IRB) of Gachon University Gil Medical Center (approval No. GFIRB2019-278).
RESULTS
A total of 2,287 (6.2%) participants were included in the DSE group. Characteristics based on the distribution of DSE showed that the number of women were more than that of men, and under the age of 40 years was the most in age distribution. Yellow-collar workers were the largest group based on occupation, and mostly spent 52 hours or less per week for working. Shift workers on DSE were less comparing to those on non-DSE. For hazardous factors, workers in DSE were less exposed to physical factors while most of them were exposed to emotional factors. For the sleep quality, a total of 4,220 (11.5%) out of 36,709 participants had problems with falling asleep, 3,880 (10.6%) participants had problems with maintaining sleep, and 4,732 (12.9%) had extreme fatigue after waking up. Statistical significance was found on difficulty falling asleep, difficulty maintaining sleep, and extreme fatigue after waking up according to the DSE status ( Table 1) .
Non-DSE workers were considered as the reference group for each sleep complaint, and multiple logistic regression analysis was performed ( To find out specific characteristics of other variables, multiple logistic regression analyses were performed for the DSE group (Table 3) . Less or equal to 40 years of age was significantly associated with difficulty falling asleep when compared to greater or equal to 40 years of age (OR: 0.613, 95% CI: 0.389-0.965), and exposure to physical factors was also significantly associated with difficulty falling asleep when compared to non-exposure group of that (OR: 1.474, 95% CI: 1.51-1.886). White-collar workers were significantly associated with difficulty maintaining sleep when compared to blue-collar workers (OR: 0.661, 95% CI: 0.454-0.964). 
DISCUSSION
This study examined the relationship between DSE and sleep quality based on the fifth KWCS. Workers in DSE have higher relative risks for all 3 parts of sleep quality; difficulty in falling asleep (OR: 1.331), difficulty in maintaining sleep (OR: 1.279), and extreme fatigue after waking up (OR: 1.331). The results show that DSE may affect the sleep quality, and workers in DSE may have problems of hyperarousal and sleep hygiene. Workers in DSE have more physical and psychological stress than those in standard employment due to low wages, long working hours, irregular schedules, and insecure employments. This stress of workers in DSE causes the poor sleep quality due to hyperarousal and poor sleep hygiene. Abnormal stimuli such as sensory stimuli or information processing including stress cause alertness. The alertness increases pre-sleep hyperarousal [11] , and may induce sleep latency [12] . Sleep hygiene, defined as behavioral and environmental conditions for sleep, also has a key role in sleep quality [13] . The risk factors affecting sleep hygiene are as follows: caffeine, nicotine, alcohol, noise, stress, and irregular sleep [11] . Since workers in DSE have irregular sleep, it changes the circadian rhythm, which may result sleep disorders [14] . A circadian rhythm is essential to regulate sleep-wake cycle as well as melatonin secretion. Irregular sleep-wake schedules cause irregular exposure to those factors, and circadian rhythms can also be broken [15] . Workers in DSE may be weak at sleep maintenance since the circadian rhythm can be easily broken.
The overall working conditions of DSE are related to sleep quality. Poor sleep quality induces daytime sleepiness and fatigue [16] . In a study by the EWCS, employment insecurity had a relative risk of 47% for sleep disturbance [17] . More importantly, poor quality of sleep may cause a decrease in concentration at work and work performance [18] . In another study, a meta-analysis of sleep disorders and daytime cognitive performance showed significant impairments of episodic memory with manipulating disorders and retention as well as decreased ability of problem solving [19] . As the risk for sleep disorder increases negative 7/10 https://doi.org/10.35371/aoem.2020.32.e6
Dependent self-employment workers and sleep quality https://aoemj.org work outcomes, it may cause occupational accidents [20] . A high injury rate was also associated with employment insecurity. A report by the ILO showed that NSE has higher injury rate [1] , and another study by Giraudo et al. [21] showed an association between injury risk and precarious work.
In the characteristics of other factors among workers in DSE, exposure to physical factors was found as a higher relative risk factor for all 3 components of sleep quality. Exposure to physical factors included noise, vibration, hot and cold temperature. Noise and vibration usually disturb sleep immediately after exposure, but the sleep quality may be affected by exposure to noise in daytime. Fruhstorfer et al. [22] reported that daytime noise increased the slow wave sleep with decrease in stage 2 sleep at night sleep. A study by Gitanjali and Ananth [23] also showed that the sleep efficacy was less than 80% after exposure to daytime noise as well as rapid eye movement (REM) sleep, slow wave sleep, and REM onset latency were decreased. Exposure to heat and cold at workplace was also related to sleep disorder. Underground miners, who were usually exposed to heat, complained of sleep disorder, fatigue, and cognitive impairment [24] . This might be related to melatonin, which is the endogenous hormone playing a key role in thermoregulatory function as well as circadian rhythm. Melatonin induces vasodilatation in cutaneous vessels during sleep to reduce the core body temperature [25] . If the core body temperature elevates, melatonin levels increase to make the core body temperature lower [26] , and it can be occurred conversely in cold exposure [27] . External environment may cause the changes in sleep quality by controlling of melatonin secretion.
The other risk factor found in the group of workers in DSE was shiftwork. Frequent work shift causes cognitive impairment or low work performance [28] . It is difficult for shift workers to modify circadian rhythm, so the prevalence of poor sleep quality in shift workers was 30.7% compared to 19.2% of all the workers according to a study by the National Health and Nutrition Examination Survey in the US [29] . In this study, shift workers in DSE showed higher relative risk in sleep quality than the others. It is necessary to look closely the sleep quality of shift workers in DSE.
Workers in DSE may complain of poor sleep quality as an initial symptom of anxiety and depression due to stress and employment insecurity. At the same time, it is necessary to recognize the sleep quality of workers in DSE as their mental health. Thus, further studies are necessary to determine the interaction between DSE and psychiatric disorders such as depression, anxiety, and sleep disorder.
There are several strengths in the study. Only few studies exist about the relationship between DSE and sleep quality. Unlike traditional NSE such as temporary or part-time work, there are a few studies on health effects of DSE. The results may be used as a basis for future studies on sleep quality of workers in DSE. The study also included specific components of sleep quality: sleep initiation, maintenance, and fatigue. The study was also able to determine high-risk factors related to poor sleep quality in DSE like exposure to physical factors and shiftwork.
This study has several limitations. It is difficult to determine the causal relationship of poor sleep quality of workers in DSE since this was a cross-sectional study based on the KWCS. The KWCS is also based on a self-administered survey questionnaire. Therefore, there might exist missing questions or inappropriate answers to questions. This may affect the statistical results as possibly under-or over-estimated. However, well-trained interviewer helped the 8/10 https://doi.org/10.35371/aoem.2020.32.e6
Dependent self-employment workers and sleep quality responders to answer properly, so this error seems to be minimal. Finally, there was no social or medical history. The KWCS does not provide the information on social habits such as smoking, alcohol, and caffeine intakes and the history of mental disorders.
CONCLUSIONS
DSE is associated with a risk of poor sleep quality. Due to employment insecurity and stress, workers in DSE are vulnerable to poor sleep quality. Among the workers in DES, poor sleep quality is related to shiftwork and exposure to physical factors such as noise, vibration, and abnormal temperature. Poor sleep quality may affect mental health and occupational injuries, so it is necessary to monitor the sleep quality of workers in DSE.
